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PaTENT OFFICE.
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NON-CENTRIFUGAL GOVERNOR AND SPEED-INDICATOR.

SPECIFICATION forming part of Letters Patent No. 588,655, dated August 24, 1897.

Application filed November 20, 1896, Serial No. 612,825,

To all whom' it may concern:

Be it known that I, JosEPH F. RADERS, of
Flushing, New York, haveinvented a certain
new and useful Non- Centrifugal Governor

5 and Speed-Indicator,. of wh1eh the following
is a specification.

Governors and r etrulatlnw devices customa-
rily employed for rende1 ing the movement of
steam-engines or other sources of power. uni-

10 form partake of the movement of the source
of power and are dependent for their actions
upon centrifugal force, any variation in this
latter force as de_Veloped usually in one or
more rotating masses being utilized to in-

15 crease or decreasethe amount of motive fluid

admitted. Itisimpossible withsuch centrifu- -

gal governors from their very nature to main-

tam a perfectly steady and uniform velocity,

for it is necessary in order to secure an op-
zo eration of the governor that there should be
a sensible ehanoe in the speed of the-governor
and that this eh@nwe should be fully accom-
plished, the governor acting only at the ter-
mination thereof. ' The demee of sensitive-
25 ness is further reduced by the consideration
that the moving parts of the governorin their
actions are subject to frlctlon thereby in-
creasing the magnitude of speed necessary to
cause the governor to act.
3o this class in which there are revolvmw balls
or their equivalent depend for their acmon
upon a change in speed of revolution of the
balls or equivalent parts. In the governor
which is the subject of tlie present invention,
35 however, in which I prefer to use a revolvmo
fan havm(r variable surface or resistance in
‘place of Lhe revolving balls, the governing
action occurs Without any necessary change
in the speed of revolution of the fan. Theo-
40 reticallythe fan should continue to move with
uniform velocity and the governing action
should not disturb that speed of revolutlon
The present governor therefore différs from
the previous ‘type of governors in the fact that
45 it is not necessary or desirable to change that
speed of revolution of the revolving govern-
ing ball or fan, but the slightest difference in
speed of revolution of the engine or the ma-
chine to be governed acts upon a moving pmt

All governors of"

(No model,)

intermediate the engine and the governing 5o
revolving part, which movement itself per-
‘forms the governing action.

. ‘As will be seen in the study of the mech-
amsm the speed of revolution of the engine

’ultlmately to be determined is dependent in 55

the form shown upon two conditions, one of
which is-the tension of the spring upon the
sleeve and the other of whichis theresistance
of thefansrevolving at the determined speed.
If either the. tenswn of the spring or the size 6o
of the fan-blades or their inclination were
changed, a resulting difference would be ac-
comphshed in the speed of the main engine.

In other words, then, the device eonsmts
generally in one r evolvmo part which should 65
have a tendency to have a constant rate of
revolution, and in the form shown such rate
of revolution can be determined at will by
the operator by an adjustment. A secondre-
volving portion is itself driven directly from 7o
the meehanlsm but the parts are so related
as that the speed of revolution of that por-
tion directly driven from the engine is not in-
stantly communicated to the revolving por-
tion of the mechanism, but there is an inter- y3
val of time or motion between an increased . -
motion of the firstmechanism driven from the
engine and the second mechanism which is so
driven frow the first mechanism driven from -
the engine. I utilize this difference in speed 8o
as aff01 ding the governing funetion of my ap-
paratus.

In the form shown, as will be observed, the
speed of the engine to be governed is trans-
mitted througharevolving gear-wheelrevolv- 8;
ing coincident with the motion of the engine

toa movable worm-gear, the position of which

is controlled by the tension of a spring and
the resistance of revolving fans. The result
of this combination is that a constant in- yc
creased motion (and when I say increased I
refer likewise to decreased) will not be trans-

‘mitted instantly or necessarily at all to the

fans, for the action of the gear-wheel upon
the worm under these conditions is a twofold gs5
one. It may either drive the worm ata speed
dependent upon the relation of pitch of the
worm to the teeth of the gear, or if the mo-

i



I0

15

20

25

30

35

40

2 588,655

tion be suddenly increased then the teeth do
not follow the spiral of the worm in driving
the worm, but the worm is suddenly raised
one or more teeth, owing to the sudden ac-
cessin speed of the driving mechanism, which
raising of the worm does not, however, re-
volve the worm, but compresses the govern-
ing-spring; and -it is this function which I
utilize in determining the speed of the gov-
erned engine. Ofcourse, however,ultimately
the increased speed of the engine, if not ar-
rested by the governing action, would com-
municate itself to the revolving fan. This
would oceur when the spring had resumed its
normal tension with reference to the position
of the worm-sleeve upon the shaft. But this
tendency of increase in revolution, under
these conditions, of the fan is counteracted
in the fan itself; which isso constructed as
to oppose an increasing 'resistance to any
tendency to drive it faster or a decreased re-
sistance to any tendency to drive it slower.
Thus it will be seen ‘that:when the worm-
wheel revolves faster than the predetermined
rate the increased speed of the engine gov-
erned will be taken up first by the raising of
the'worm and then by theincreased 1'e81stance
to rotation of the fans. Tle worm being con-
nected- to the throttle-valve or other means
of controlling the motive fluid, the first re-
salt of an inecrease of speed of theengine gov-
erned will De a coincident movement of the
devices for controlling the flow of the motive
fluid. - The contrary result; of course; as will
be readily seen, would be accomplished, pro-
vided the fan was driven at a less velocity.
In this case the extension of the governing-
spring -would be greater and the throttle-

valve or governing portion would be opened.
It is, of course, apparent that for-the re--

volving fans any mechanism having a tend-

ency to constant revolution could be sub--

" stituted, evento someextent a revolving mass

45

of metal, like' a gyroscope; but in this case

the -apparatus would not have within -itself
the ability to determine the constant rate of

.revolution at which it is desired that the ma-

5o

55

6o

05

chine:should run, but would have the eapac-
ity to prevent suddenvariation in such speed
only. - As will now Dbe 'seen, therefore, my
mechanism has within itself a double capac-
ity of governing.  In the first place, it has a
capacity of preventing or governing any sud-

den inerease or decrease in speed in the ma--

chinewithoutdesirably changing the constant
speed of revolution of the fan or revolving
member; and, in the second place; my mech-
anism ‘has a capacity of ‘determining adjust-
ably the constant speed at which the mech-
anism-or driving-engine shall run, and it is
likewise to be observed that this speed can
be readily varied in the governor while the
mechanism is in operation.

In the present drawings, which represent
an embodiment of my invention, Figure 1 is
a side elevation of thesame. Fig. 2isaview
taken’ at-right angles to that represented in

Fig. 1. Tig.3 is a partial section and a par-
tial plan taken on the lines 3 3 of Fig. 1and
looking in the direction of the arrow.

Similarletters of reference designate corre-
spouding parts in all figures.

A designates a convenient bed-plate upon
which the governor mechanism is mounted.

A’ indicates an upright or standard extend-
ing from the base A and here represented as
extending forwardly at its upper part, where
it is provided with a journal-bearing a for an
upright rotary shaft a’, whose lower extrem-
ity is journaled in the base-plate A oran ap-
purtenance thereof.

B is a worm fitted to the shaft a’'in a man-
ner to be freely movable lengthwise of the
latter, but which rotates therewith by means
of an ordinary key or keyway construction.

The worm is urged to its lowermost position. .

70
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by a spring b, mterposed between the upper -

extremity of the worm and a collar b', mov-
able lengthwise of the shaft ¢’. The tension

of the spring may be adjusted at will' by

means of a screw C and hand-wheel' ¢, the

90

former entering a tapped hole in the upper:

portion of the upright- A'; movement being-

transferred from the extremity of the afore-
said adjusting-serew C and the collar b' by

means of a rod 0% which enters the upper re-

95

cessed extremity of the shaft ¢’ and is pro- -

vided at its lower extremity with a cross-pin

13, which passes through the: transverse slot
in the shaft ¢’ and bears upon the collar. b'.

Preferably a frictionless bearing: C® will be'.

provided at the upper extremity of the rod %
¢ is a lever for clampingthe screw Cin any
position to which it may be turned.
D D are bearings erected on the base-plate
A and in which there is journaled a shaft.d,
carryinga worm-wheel d', whose teeth engage
withthe worm B. The pitch of this worm is
made sufficiently great to enable thesame to
berotated upon its axis by the 1'0Lat10n of the
engaging worm-wheel.
It is evident from the inclination.of the
thread -of the worm to the axis of the worm-
wheel shaft that upon the foreible rotation of

the worm-wheel there is a tendency for the.

worm to move in two directions—rotarily
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upon its axis and lengthwise along the shaft..
a', this latter movement being opposed by the.

yvielding force of the spring .

Fans D' are provided for offering a resist-
ance to the rotation of the worm B. Now it
is evident that for any given speed of rota-
tion of the worm-wheel there will be a certain

position of the worm B, dependent.upon the:

resistance afforded by thespring b. If, how-
ever, the circumferential or angular.speed of
this worm attempts to change, corresponding
to asimilar attempt on the part of the engine-
shaft, &c., the worm B will ascend or descend.

To render the magnitude of thislongitudinal.

movement of the worm in exact proportion

to the increase or decrease of the circumfer-

ential speed of the worm-wheelabove or below
normal, Ipivot the fans D' to a collar 7 rigid
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with the shaft ¢/, and so connect them with
the worm that the position they are caused
to assume is dependent upon the position of
the worm, they occupying a more nearly hori-
zontal position as the worm moves upward
and thus offering an increasing resistance to

the rotation of the worm. Itismanifestfrom -

what has been-said that any acceleration or
retardation of the worm-wheel will have a
tendency to elevate the worm or to permit
the same to descend, as well as to cause the
worm to rotate more rapidly. By reason of
the fact, however, that the fans rise in pro-
portion as the worm - rises from a position in
which they offer no or litfle resistance to ro-
tation to positions in which this resistance is
constantly increasing, this latter tendency is
nullified as to its effect and approximately
the entire effort is expended in the elevation
of the worm.  In other words, this governor
may be distingnished from ceutrifugal gov-

ernors in this, that in the present form the

regulation is accomplished at the beginning
of any retardation or acceleration in speed
of the source of power, while with centrifugal
governors regulation is effected only at the
termination of a sensible amount of these

~ variations.

30

35

40

The worm B is connected with the fans D’
by the links d? ,

E is a shaft journaled in the upright A’and
provided with a pulley e, driven from the
steam-engineorothersource of power. Upon
the shaft E is also mounted a second pulley ¢/,
connected by a driving-belt ¢ with a pulley
%, affixed to the shaft d.

The amount of steam, compressed air, or
other motive. fluid admitted to the engine is
under the direet control of the worm B by
means of a lever I, fulerumed on a fixture of
the upright A’ or base-plate A and carrying

- at its outer extremity studs or pins £, which

45

50

55
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enter an annular groove f’ provided in the
lower extremity of the worm. = The opposite
extremity of the lever F may be connected
bylinkwork f?with the throttle-valve. (Not
deemed necessary here to be shown.)

As a means for protecting the device from
injury should the worm rise too high I have
interposed between the pulley E, driven from
the engine or other source of power, and the
driving-pulley ¢/, from whiech theworm-wheel
d' acquires its movement, the clutch G, here
shown to be an ordinary jaw-clatch, one of
whose members ¢ is rigid with the pulley ¢/,
while the other member ¢’ is movable length-
wise of the lever E, but compelled to rotate
therewith. = Thislatter member ¢'isprovided
with an annular groove info which extend
pins ¢ projecting from the extremity of one
arm ¢° of a double-arm pulley, the remaining
arm ¢* extending below the lever F and in
such relation thereto that upon the tilting of
the latter lever, due to a dangerous rise of
the worm, the same will contact with the arm
g*, shifting the same upon its pivot and with-
drawingthe member ¢' from engagement with

the remaining member g of the clutch G,
thereby disengaging the governor.

Of course a governor controlling the sup-
ply of steam or other motive fluid is effective
only while admission is taking place, since
an operation of the governor controlling the
throttle will have no effect upon the engine
if such operation takes place during expan-
sion after the expansion-valve hasbeen closed.
In cases where the engine is of the condens-
ing type—for instance, marine engines—the
governor may be used to work not only the
throttle-valve to vary the force urging the

piston forward, but also a valve controlling

the exhaust, and thus effecting an increase
or decrease in the resistance offered to the
forward piston movement. For this purpose
thelink *may be connected with a fulerumed
lever H, from which the condenser-controlling
valve and throttle-valve may be worked. It
is of course obvious that in the control of
large engines an intermediate cylinder may
be used to do the work of regulating the gov-
ernor itself, merely serving to alter the posi-
tion of a valve which controls the position of
a piston in a cylinder which does the work.
Such mechanisms are well known. They are
of a class in which the piston follows the
movement of the valve.

I is a spring for drawing the disengaged
lever comprising. the arms ¢% and ¢* into a
position to maintain the members of the
clutch G in engagement. It is furthermore
evident that since the worm B is responsive
to the speed of the source of power it may be
utilized as a means for preserving a record of
the speed of the engine. Means are shown
in Fig. 1 by which this may be accomplished.

I indicates a paper record-strip driven by
clockwork or otherwise. - .

I' is a lever fulerumed intermediate of its

ends at ¢, to one extremity of which there is .

secured a suitable marker 3, while its oppo-
site extremity is mechanically connected with
the lever ¥, as by a link 4. The lever I’ is
moved, therefore, in correspondence to the
movement of the lever F, and these changes
in position are recorded on the paper strip or
ribbon at I', '

The position of the worm at any instant
depending upon the speed at which the en-
gine is running, it may be taken as indicat-
ing approximately the speed at which the ves-
sel or locomotive is moving, and if the instru-
ment is calibrated from the record it makes
the distance traveled may be ascertained.

I have described the device thus far and
referred to it as applicable to the control of
the motive fluid admitted to a.steam-engine
or other source of power, but its use is not
necessarily limited to such a purpose, as the
principle embodied may be employed as a
basis for the control of clockwork mechan-
ism. - For instance, the worm-wheel d’ may
be driven direct from such mechanism, and
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the rise and fall of the worm corresponding

to an increase or a decrease of the load upon
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the motor-shaft from which: power is-derived
will serve to increase or decrease the resist-
ance torotation offered by the fansininverse
proportiontothevaryingload. Furthermore,
as the tension: on the driving-spring of the
motor decreases the fanswill gradually lower
to compensate for the reduetion in driving
power, thus tending to maintain a uuniform
velocity.

The invention may also -be: applied o the
confrol of a dyname-eleetric maehine, the:
movement of the lever F operating to-throw
in and out magnetizing-coils or resistance, as
shown. in Fig. 1, where K represents-a number
of insulated contact-pieces in: electrical com-
munieation with the wires % k" %* k%, &e., in
this instance by the lever Hand a-finger-piece
carried and playing over these pieces, this-ar-
rangement being sufficiently well known: to-
need no. further deseription.

Having deseribed my invention, what I.con-
sider ag new, and desire:to-seeure by Letters
Patent, is—

1. Imagovernor, the:combinationof amov-
ing element constituting a resistance, a driv-
ing member, an intermediate: element: trans-
mitting” power from the driving member. to:
the first: element, variations-in speed: of the
driving member simultaneously effecting va--
riations in resistance to-movement of'the:first
element, and means connected to said inter-
mediate element for controlling the: motive:
fluid, substantially as specified.

2. Imagovernor; the.combination of an ele-
ment moving at a rate substantially eorre-
sponding to the rate of movement at which
the engine governed shall run; & seeond' ele-
ment driven by and partaking of the varia-
tionsiin speed of the engine'governed, and’an
intermediate element tramsmitting motion
from the'second element to the first-element,
said intermediate-element having two move-
ments, one coincident with: the first element;
and another resulting from- the variations in
speed of the engine governed, the movement
resulting from: the variations in speed of the
engine;governed simultaneouslyeffecting va-
riations in the resistance to-movement of the
first element, substantially as speeified.

3: Inma governor, the combination:of: an:ele-
ment moving for a given regulation. ata pre-

determined rate substantially correspending-|:

to a predetermined rate of movement of the
engine governed, a second element driven by
and partaking of the variations in speed of
the engine governed, and an: intermediate
element transmitting motionfrom the second
element to the-first element; said-intermedi-
ate element having two movements, one: co-
incident with the first element, and another
resulting from the variations in speed of the
engine governed, the movement resulting
from the variations in speed of the engine
governed simultaneously effecting variations
in the resistance to movement of the first ele-
ment, substantially as specified.

4, Imagovernor, the combinationof an ele-

588,655

'ment constantly moving for a given regula-
ltion at a predetermined rate substantially
“corresponding to a predetermined rate of

movement of the engine governed, a second

element driven by and partaking of the va-

riations in speed of the engine governed, an

iintermediatie: element transmitting motion
-from: the-second element to-the first element,

said intermediate element having two move-
ments, one coineident with the first element
and another resulting from variations in
speed of the engine governed, the movement
resulting from the variations in speed of the
engine governed simultaneously effecting va-

riationsin the resistance to movementof the

first element, and means acting upon said
intermediate element to econtrol a predeter-
mined rate of movement substantially as
specified. _

5. A governor having a rotating member
havinganormal speed, means for varyingthe
resistance to rotation offered by the rotating

‘member at its normal speed, & second mech-
‘anism moving coincident with the variable
‘speed of the engine, and an intermediate

driving eonnection between the driving’ and
the -driven member transmitting power from’

“the driving to the driven member, variations

in speed of the engine governed simultane-

‘ously operating through the intermediate-con-
‘nection to effect variations in the-resistance
‘to rotation of the rotating'member, substan-

1

tially as specified. _

6. A governor hiaving a rotating member
having anormal speed, means for varying the
resistance to rotation offered by the rotating
member at its normal speed, a second mech-
anism moving coincident with: the variable

‘speed: of the engine, an intermediate driving

connectionbetweentlie drivingandthedriven

‘member transmitting the power from: the

driving to the driven memDber, variations in
speed of the engine governed simultaneously
operating through the intermediate connec-
tion to effect variations in'the resistance to

irotation of the rotating member, and a spring’

acting upon said intermediate member, sub-
stantially as specified.
7. A governor having a rotating member

‘having anormal speed;, meansforvarying the
i resistance: to  rotation offered by the: rotating

member at its normal speed; a second mech-

anism moving coincident with the variable
‘speed of the engine, an intermediate driving
.connectionbetween thedriving and the-driven
.member transmitting power from the driving
‘to-the driven member, variations in speed of
‘theengine governed simultaneously operating
‘through- the intermediate connection to-effect
‘variations in the resistance to rotation of the

rotating member; and an adjustable spring

‘acting upon said intermediate-member, sub-

stantially as specified.
8. In a governor the combination of a ro-

.tary element, a:second element driven by and

partaking of variations in speed of the engine
governed, a rotary and lengthwise-movable
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element driven by the second element and
operating the rotary element, means for vary-
ing the resistance to rotation of the rotary and
lengthwise-movable element, variations in
speed of the engine governed operating to
simultaneously effect variations in the resist-
ance torotation of the rotary and lengthwise-
movable element, and means actuated from
the rotary and lengthwise-movable element
for controlling the motive fluid -admitted to
the engine or other source of power g Uoverned
substcmtlally as specified.

9. In a governor, the combination of a ro-
tary element, a seeond element driven by and
partaking of variations in speed of the engine
governed, a rotary and lengthwise-movable
element driven by the second element and
operating the rotary element, means for vary-
ing the resistance to rotation of the rotary
and lengthwise-movable element, variations
in speed of the engine governed operating to
simultaneously effect variations in the resist-
ance to rotation of the rotary and lengthwise-
movable element, means actuated by the ro-
tary and lengthwise-movable element for con-
trolling the motive fluid admitted to the en-
gine or other source of power governed, and
means for rendering the rotary movement
of the rotary and lengthwise-movable ele-
ment substantially invariable from a prede-

termined rate, substantially as specified.

10. The combination of a worm-wheel, a ro-
tary and lengthwise-movable worm, pivoted
fans, means connecting said fans with the
worm whereby the position of the fans is de-

termined by the position of the worm, and

means actuated by said worm for controlling
the motive fluid to the engine or other source

of power governed, substantially as specified.

11. The combination of a worm-wheel, a ro-
tary and lengthwise-movable worm, a spring
urging said worm in one direction, pivoted
fans, means connecting said fans with the
worm whereby the posmon of said fans is
determined by the position of the worm, aad
means actuated by said worm for controlhncr
the motive fluid to the engine or other source
of power governed, substantially asspecified.

12. The eombination of a worm-wheel, a ro-
tary and lengthwise-movable worm, a spring
urging the worm in one direction, means for
adgus‘umo the tension of the spring, pivoted
fans, means connecting said fans with the
worm whereby the positiou of the fans is de-
termined by the position of the worm, and
means actuated by said worm for confrolling
the motive fluid to the engine or other source
of power governed, substantially as specified.

13. The combination of a worm-wheel, a ro-
tary and lengthwise-movable worm yieldingly
held in position against the resistance of the
worm-wheel, pivoted fans, links connecting
said fans with the worm whereby the position
of the fans is determined by the position of
the worm, and means actuated by said worm
for controlling the motive fluid to the engine

or other source of power g <roverned substan-
ually as specified.

. The combination of a lengthwise-mov-
able worm, a worm - wheel engaging there-
with, means for increasing or decreasing the
resistance to rotation of the worm in propor-
tion to the increase or decrease of effort ex-
erted by the worm-wheel, and means actuated
by said worm for controlling the motive fluid
to the engine or other source of power gov-
erned, substantlally as specified.

15. In a governor, the combination of an
element constantly rotating for a given regu-
lation at a predetermined rate corresponding
totherate at which the engine governed shall
run, a second element moving variably with
the varying speed of the engine, and an in-
termediate element transmitting power from
the second element to the rotary element and
having a rotary movement coincident with
the rotary element, substantially as specified.

16. In a governor, the combination of an
element constantly rotating for a given regu-
lation at a predetermined rate corresponding
to the rate at which the engine governed shall
run, a second element moving variably with
the varying speed of the engine, an inter-

‘mediate element transmitting power from the

second element to the rotary element and
having a rotary movement coincident with
the rotary element, and a traveling strip
upon which may be recorded the positions as-
sumed by the intermediate element, substan-
tlally as specified.

. The combination of a lengthwise-mov-
able worm and a wheel for dllVan‘ the same,
means for increasing the resista,nce to rota-
tion offered by the worm when the latter
moves lengthwise in one direction and for
producing the opposite effect when the worm
moves in the opposite direction, and a travel-
ing strip upon whieh the positions assumed
by the worm are 1e001ded substantlally as
specified.

18. The combination in a governor, of a
lengthwise-movable worm whose movement
serves to control the speed of the device gov-
erned, a worm-wheel for driving the same,
and a safety device for disengaging the worm
when the same has taken an abnormal posi-
tion, substantially as specified.

19. The combination in a governor,
lengthwise-movable worm, a worm-wheel en-
gaging therewith and driven from the device
governed, and means brought into action
when the worm has assumed an abnormal
position for disengaging the worm-wheel from
the device governed, substantially as speci-
fied.

In testimony whereof I have signed my
name to this specification in the presence of
two subseribing witnesses.

JOSEPH F. RADERS.

Witnesses:

I. Courant,

W. LAIRD GOLDSBOROUGH.
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